A 2-D analysis is made of the surface waves in a subsonic compressible uniform mean flow along an impedance wall. It is found that a raximum of four surface waves is possible. The regions of existence in complex impedance and wave number planes are given. One wave is found to travel upstream, while the others, one of which is an instability, propagate downstream. A WienerHopf solution of plane wave scattering at a hardlsoft discontinuity of the wall impedance is constructed, in which the instability wave provides the additional degree of freedom to satisfy the Kutta condition at the impedance jump. The present waves are limiting forms of certain irregular acoustic duct modes.
Introduction
It was recognized in Morse and Ingard [l] that 2 of the acoustic modes in a duct with an impedance wall sometimes show a certain irregular behaviour. In the presence of mean flow through the duct 2 additional modes appear (Tester [2] , Koch and MBhring [3] , Eversman [4] ), also of unusual character since one of them is to be considered as an instability. A 2-Dlsemi-infinite analysis is described in the present paper to investigate these modes further; this is possible because these modes are not essentially duct modes, but only coupled to the impedance wall. So, the present analysis embodies a high-frequency limit of the duct problem. The present 2-D configuration allows more explicit and transparant results, revealing better the essential physics.
Model
Consider a perturbation potential $ and pressure p (dimensionless with mean density po, mean sound speed co, and some length) on a uniform mean flow with velocity U = MC (0 < M < 1) in the space y 2 o, -m < X < m, satisfying 
The bounda r y c o n d i t i o n a t y=o d e s c r i b e s t h e e f f e c t of t h e complex impedance Z (Re Z 2 o ) modified by t h e ( v a n i s h i n g ) mean f l o w boundary l a y e r ( I n g a r d [ 5 ] ) :
S u r f a c e waves
Consider waves of t h e form
With t h e t r a n s f o r m a t i o n W = BQ, o = Ba + MQ, = ( l -~~) ' , (1) and ( 2 ) The L-shaped branch c u t s of y a l o n g t h e l i n e s I m y = o , w i t h t h e c h o i c e of t h e b r a n c h w i t h I m y S o , g a r a n t e e s (3) (Fig. 3 ) . The -a t most 4-s o l u t i o n s 5 of ( 4 ) correspond t o t h e waves under c o n s i d e r a t i o n . Instcad o f s o l v i n g a, we s t a r t w i t h c o n s i d e r i n g e q u a t i o n ( 4 ) a s d e f i n i n g Z = Z(o). Then, by mapp i n g t h e b r a n c h c u t s of y ( o ) , which a r e " l i n e s of d i s a p p e a r a n c e " of s o l ut i o n s U, from t h e o-plane t o t h e Z-plane ( Fig. 1) we o b t a i n r e g i o n s I t o V i n Z w i t h d i f f e r e n t number of s o l u t i o n s of ( 4 ) . Mapping back from Z t o 5 t h e l i n e Re Z = 0 we o b t a i n i n t h e o-plane t h e "egg- For f u r t h e r d e t a i l s , s e e appendix A. From f i g u r e s 2 and 3 i t i s s e e n t h a t i f Im 2' < -2 .
S c a t t e r i n g problem
The s c a t t e r e d f i e l d g e n e r a t e d by t h e p l a n e waves (X = BX, -IT < O < 0 ) , i n c i d e n t t o a w a l l y = o , hard a l o n g X < o , and (Fig. 4 ) , i s found by a Wiener-Hopf procedure (L 71, C31):
and E a constant One zero of K, namely uHI (Fig. 3) , appears for w = -il wl to move to the lower complex half-plane. For the general case a numerical search gave the evidence, but for the incompressible case (5) it can be proved analytically (App. C). As a consequence, K+(u) contains the factor U -aHI, and for real w the contour has to be deformed such that it remains "above" the pole U HI (Pig. 5); thus uHI corresponds to a right-running instability. If Z E I (for real U) aHI is in the second quadrant on the other Riemann sheet of y, and the "causal" contour yields an unacceptable solution unbounded in y. In this case it is probably preferable to avoid the deformation; K+ contains no fac- where K can be s p l i t by i n s p e c t i o n (K+ = K, K-= l ) , and (6) c a n b e reduced t o F r e e n e l ' s i n t e g r a l s .
I f Z @ I , t h e a v a i l a b l e e i g e n s o l u t i o n w i t h a m p l i t u d e E p r o v i d e s t h e p o s s i b i l i t y t o s a t i s f y t h e K u t t a c o n d i t i o n a t X = y = o , w i t h t h e c h o i c e E = o. I n t h i s c a s e t h e sound c o u p l e s t o t h e g e n e r a t e d s u r f a c e waves i n a way t h a t a c o u s t i c energy may b e exchanged w i t h h y d r o d y n a~i c ( k i n e t -
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Relevance t o d u c t modes The a x i a l wave numbers of t h e modes i n a c y l i n d r i c a l d u c t of r a d i u s u n i t y a r e g i v e n by which i s t h e analogue of e q u a t i o n ( 4 ) . J d e n o t e s t h e m-th o r d e r B e s s e l funcm t i o n . I n t h e h i g h frequency l i m i t

+ m we can d i s t i n g u i s h two c a s e s :
I m y = 0 (~) i n which c a s e eq. ( 7 ) r e d u c e s t o eq. ( 4 ) , and Tm y = O(1) which amounts t o a boundary l a y e r i n t h e p plane e n c l o s i n g t h e b r a n c h c u t s of y .
The s o l u t i o n s i n s i d e t h i s boundary l a y e r c o r r e s p o n d t o genuine d u c t modes ( t h e i r f i e l d c o v e r i n g t h e whole d u c t c r o s s -s e c t i o n . The o t h e r p o s s i b l e f o u r
e above a n a l y s i s . I f Z v a r i e s from one r e g i o n t o a n o t h e r , e.g. from I t o I1 (Fig. 21 , one of t h e genuine d u c t modes changes i t s c h a r a c t e r and t u r n s i n t o a s u r f a c e wave, which i s , b e i n g c o n f i n e d t o t h e w a l l r e g i o n , a p h y s i c a l l y d i f f e r e n t phenomenon. , ]./B ) w i t h , s a y , i n c r e a s i n g imaginary p a r t , t h e n i n t h e U-plane ucR d i s a p p e a r s somewhere a l o n g ( o , a(w-1)/2M ) , b u t a p p e a r s a t t h e same t i m e somewhere a l o n g ( n(w-1)/2M , Q ) , t h u s l e a v i n g t h e number of s o l u t i o n s t h e same. When Z + ~J Z (~+ W )~/ (~+ W )~/~ t h e two r e p r e s e n t a t i o n s of aSR c o i n c i d e (K becomes q u a d r a t i c ) a t U = Q(w-1)/2M. SR I f Re Z = o we have ( s e e Fig.1 ) a l o n g @ two complex c o n j u g a t e s o l u t i o n s , which become r e a l a l o n g @ ; a l o n g @ we have two complex c o n j u g a t e and two r e a l s o l u t i o n s , and a l o n g @ a l l f o u r a r e r e a l .
APPENDIX B
It i s convenient t o i n t r o d u c e t h e p o s i t i o n of t h e w a l l s t r e a m l i n e y = h ( x ) e x p ( i w t ) , and t o w r i t e i n s t e a d of (2) ( [3] , [5] ): I n t h e u s u a l way (C71) we r e w r i t e t h i s e q u a t i o n i n t o a l e f t hand s i d e , anal y t i c i n o i n a lower h a l f p l a n e (-), and a r i g h t hand s i d e , a n a l y t i c i n a n upper h a l f p l a n e (+), b o t h t h e n e q u a l t o one e n t i r e f u n c t i o n E(o). A s exp l a i n e d i n t h e main t e x t , we s t a r t f o r c a u s a l i t y w i t h w = -i l w l . Then uHI b e l o n g s t o t h e lower h a l f p l a n e , and we have t h e e s t i m a t e s f o r 101 + m: It t u r n s o u t t h e n t h a t E i s a c o n s t a n t . C o l l e c t i n g t h e v a r i o u s terms, a F o u r i e r t r a n s f o r m back i n t o t h e X-domain, and r o t a t i n g w from t h e n e g a t i v e imaginary a x i s t o t h e p o s i t i v e r e a l a x i s ( p r e s e r v i n g a n a l y t i c i t y i n w by deforming t h e o-integrat i o n c o n t o u r , a s e x p l a i n e d i n t h e main t e x t ) t h e n g i v e s eq. ( 6 ) . 
